The paper presents the results of a study that attempts to investigate the impact of foreign direct investment (FDI) on environmental performance (EP) by constructing a panel quantile regression model. Based on panel data from 1990 to 2014, this study contributes to evaluate the EP of each of the 40 countries using a directional slack-based model considering undesirable output. Our findings reveal several key conclusions: first, FDI has an insignificant influence on EP for the full sample. Second, the impact of FDI on EP between developed and developing countries exists heterogeneity. Furthermore, there is heterogeneity regarding the effect of FDI on EP at different quantiles of EP in developed countries. Specifically, in the developed countries, the effect is statistically insignificant at the lower quantile of EP, then it turns significantly positive at the middle and high quantile, and the positive effect rises with the increase of quantiles of EP. Finally, based on the conclusions of quantitative analysis, some important policy recommendations are proposed: different governments ought to enact different strategies for the introduction of FDI, according to different development situations of different countries.
Introduction
The impact of foreign direct investment (FDI) on the issues related to environment has been paid more attention both at macro and micro levels. From the macro perspective, it has raised concerns among governments and international community about whether entrance of FDI will deteriorate the ecological environment of host countries [1] [2] [3] [4] . At the microscopic level, the phenomenon of firms attracting FDI regardless of the cost of the environment has attracted broad attention [5] . Overall, the existing studies with regard to the impact of FDI on the issues related to environment mainly focus on the following three aspects.
Firstly, previous research has largely focused on the impact of FDI on environment. Existing empirical results of the effect of FDI on environment are controversial [3, [6] [7] [8] . First and foremost, a body of literature has argued that FDI has a detrimental effect on environment [9] . For example, Shahbaz et al. [4] have studied that FDI increases environmental degradation, which confirms the pollution haven hypothesis. Baek [10] has examined that FDI deteriorates the environment. Zugravu-Soilita [11] used panel data to find that FDI increases pollution. Besides that, some studies hold that FDI has a positive influence on environment. Al-Mulali and Tang [7] used a multivariate framework to investigate the validity of the pollution haven hypothesis in the Gulf Cooperation Council countries, and they found that FDI inflow has a long run negative relationship with CO 2 emission. Zarsky [12] hold that foreign firms brought higher environmental standards and cleaner technologies, which are beneficial to environment of host countries. Asghari [1] showed that FDI inflow has a weak and statistically significant negative relationship with CO 2 emission, which suggested weak support for the halo pollution hypothesis. Because FDI inflow brings cleaner environmental technologies and improves environmental-management practices to the region. Furthermore, Kim and Baek [13] employed an auto-regressive distributed lag model to find that FDI has little effect on environment in both developed and developing countries.
Secondly, some literature has examined the impact of FDI on environmental productivity, which is also named as green total factor productivity (GTFP). On the one hand, some scholars hold that FDI has a positive effect on GTFP. Hu et al. [14] examined the spillover effects of FDI on green technology progress rate, which is measured by the GTFP. They found that regardless of the industry under the high and low environmental regulations, capital-based FDI has a significantly positive spillover effect. Zhang et al. [15] indicated that FDI has a significantly positive correlation with GTFP growth. On the other hand, FDI has a negative effect on GTFP. A study by Yu and Xu [16] employed the panel Tobit model to analyze the impact of FDI on GTFP. Their results indicated that FDI has an inhibitory effect on GTFP. Hu et al. [14] also discovered that labor-based FDI has a significantly negative spillover effect on GTFP in the low discharge and low emission standard regulation industry.
In addition, few studies have investigated the impact of FDI on environmental performance (EP) from the micro perspective. A study has been presented by Cole, Elliott and Strobl [5] , which extended the debate on the environmental implications of FDI in developing countries by examining a new mechanism, which FDI can affect the EP of firms. Hettige et al. [17] hold that foreign ownership has no significant effect on firm-level EP. Zarsky [12] indicated that FDI can diffuse the cleaner technologies and better environmental-management systems to developing countries and improve their EP.
The effect of FDI on the environmental issues remains debatable worldwide because of its contradictory empirical results. The reason for these mixed results may be that much of the previous literature has not studied the impact of FDI under different samples and different quantiles. Therefore, our study attempts to investigate the impact of FDI on EP from the perspective of country. Besides that, we explore the heterogeneity of the impact of FDI on EP between developed and developing countries. Furthermore, we examine whether the impact of FDI on EP is heterogeneous across quantiles.
The remainder of the paper is organized as follows. Section 2 presents the theory and methodology. Section 3 describes the data, variable selection and measurement used in our empirical analysis. Our empirical results are presented in Section 4. Conclusions are drawn and discussed in Section 5. Appendix A provides the EP of developed and developing countries.
Theory and Methodology

Theoretical Analysis
FDI has an indirect influence on EP, and the effect may be heterogeneous. Horizontal (or market-seeking) FDI reacts to market size, while vertical (or efficiency-seeking) FDI reacts to technical endowment [18] . Firstly, FDI has an impact on environment and productivity. Because the sole purpose of FDI is to maximize the amount of profit, and investment under such a motive will bring certain negative effects to the host countries in addition to a positive impact on productivity, of which the most important is the impact on the environment [2] . FDI affects the environment mainly from two ways. The entrance of FDI will bring serious environmental pollution to the host countries and worse their environment [1, 7] . For another, FDI may introduce cleaner technologies and better management practices to improve the environment quality of host countries. Moreover, FDI plays an important role in stimulating productivity, because it is an important source of capital, which can enhance technological transfer to the host countries. FDI brings in modern management and improves the productivity of host countries [6, 7, 17, 19] . Secondly, environment and productivity have a positive influence on EP. EP refers to production performance that considers environmental factors [20] . The environmental spillover effect moderates the relationship between firms' investment in environmental practices and performance [21] . That is to say, improved environment equality and productivity may improve EP. Therefore, FDI has an indirect impact on EP. Furthermore, this indirect impact may be reflected in different samples and different quantiles.
On the one hand, the indirect impact of FDI on EP may be reflected in different samples, such as developed and developing countries. Developed countries have already achieved an advanced level in technological evolution. Due to stringent environmental standards, they typically use cleaner technologies and more advanced environmental-management systems to optimize their FDI activities. The stage of achieving the utmost efficiency regarding the production of developing countries is yet to be achieved. With the opening of the economy and the development of developing markets, developing countries tend to introduce FDI [22, 23] . However, FDI may accompany with more pollution because of their relaxed environmental standards, and it is consistent with the pollution haven hypothesis [4, 6, 9, 10] . Furthermore, FDI may have a positive impact on EP by introducing environmentally friendly techniques of production, and this is called the pollution halo hypothesis [7, 9] . The entrance of FDI with more advanced technologies and developed environmental-management systems may yield substantial EP to developing countries [5] . In conclusion, there is heterogeneity in the impact of FDI on EP among different countries.
On the other hand, the indirect impact of FDI on EP may be reflected in different quantiles of EP. FDI improves EP of host countries by introducing more advanced knowledge, cleaner resources and managerial skills directly or indirectly. However, among developed countries with different EP, the benefits from FDI are different because of their different absorptive capacity. The absorptive capacity of host countries, that is, their ability to use FDI from home countries to improve their EP has been found to be an important determinant for whether or not host countries benefit from FDI [24] . Host countries with high levels of EP, may be more capable of absorbing the transferred technology to improve their environment quality and productivity. That is to say, as the quantiles of EP increases, the absorptive capacity improves, and the positive impact of FDI on EP increases. Therefore, there exists heterogeneity of the impact of FDI on EP across different EP countries, and the amount of change in the EP distribution is not trivial.
Panel Quantile Regression Model
Based on the above theoretical analysis, the panel quantile regression model could be regarded as an effective tool to investigate the impact of FDI on EP. Existing literature have employed various models to investigate the impact of FDI on the issues related to environment, including fully modified ordinary least squares [4] , dynamic simultaneous equation models [6] , and auto-regressive distributed lag model [9] . However, these models have not taken unobserved heterogeneity into consideration. Moreover, quantile regression models allow the researcher to account for unobserved heterogeneity and heterogeneous covariates effects, while the availability of panel data potentially allows the researcher to include fixed effects to control for some unobserved covariates [25] . Compared to the traditional quantile regression model, which provides the effects of the regressors at different levels of the dependent variable [26] , the panel quantile regression model takes unobserved individual heterogeneity and distributional heterogeneity into consideration. A major advantage of using this model is that, this model allows us to detect different impacts of FDI on EP in different countries and at different quantiles of the EP distribution, since different responses to FDI may be expected from different countries at different quantiles of EP distribution. Among various countries with different EP, the benefits from FDI are diverse because of their different absorptive capacity. The different absorptive capacity of various countries will affect the impact of FDI on EP. All of them might exert asymmetric features at different quantiles [27] . Therefore, it is more suitable for us to use panel quantile regression model to investigate the impact of FDI on EP.
Following the contribution of Machado and Silva [28] , we let (EP it , X it ) be the data set, where EP it denotes the EP in country i at time t and X it represents FDI, innovation capacity, industrial structure and energy structure in country i at time t. The estimation of the conditional quantiles of EP Q EP (τ|X ) for a location-scale model of the form
with P δ i + Z it γ > 0 = 1. The parameters (α i , δ i ), i = 1, . . . , n, capture fixed effects of country i and Z is known differentiable transformations of the components of X. β denotes a vector of estimated parameters in the equation, which vary on different quantile τ of EP. The sequence {FDI it } is i.i.d. for any fixed country i and independent across time t. U is an unobserved random variable and U it is i.i.d. across country i at time t, statistically independent of X it , and normalized to satisfy the moment conditions:
Therefore, we specify the panel quantiles function for quantile τ as follows:
where Inno it stands for innovation capacity, Indus it refers to industrial structure, and Ener it is the energy structure. Scalar coefficient
is the quantile-τ fixed effect for country i, or the distributional effect at τ. Differing from the usual fixed effect, the distributional effect represents the effect of time-invariant characteristics, which are allowed to have different impacts on different countries of the conditional distribution of EP. The fact that 1 0 q(τ)dτ = 0 implies that α i can be interpreted as the average effect for country i.
Data, Variable Selection and Measurement
Data and Sample
This paper focuses on the effect of FDI on EP of 40 countries in the period 1990-2014. There are two reasons for selecting the sample period 1990-2014. First, there are missing values for the variables in the years prior to 1990, especially in developing countries. Second, data after 2014 are not updated completely, so it may reduce the overall data quality if adding the data of the most recent years. Based on data availability, the sample is constructed from data of 40 countries. According to the huge difference of FDI and EP among countries, we divide the sample into two sub-samples: developed countries and developing countries. The developed countries sample includes 24 countries (Australia, Austria, Canada, Cyprus, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Israel, Japan, Netherlands, New Zealand, Norway, Portugal, South Korea, Spain, Sweden, Switzerland, the Czech Republic, the United Kingdom, the United States). The developing countries sample includes 16 countries (Argentina, Brazil, China, Chile, Egypt, India, Indonesia, Iran, Mexico, Malaysia, Philippines, Poland, Russia, South Africa, Thailand, Turkey). The data are obtained from the Penn World Table  9 .0, World Bank, World Intellectual Property Organization Statistics Database and Easy Professional Superior (EPS) macro database. The explained variable of panel quantile regression is EP, while FDI is the explanatory variable. Control variables added to the model include three ones: innovation capacity, industrial structure and energy structure. The measurement and sources of variables are as follows.
Variable Selection and Measurement
Measurement of Environmental Performance
Environmental performance (EP) is the explanatory variable. In this paper, a directional slacks-based model considering undesirable output is employed to measure the EP. Existing studies mainly focus on the specific methods of environmental performance evaluation and their specific application domains, without arriving at conclusions on how to measure environmental performance precisely, and are yet to devise a scientific, specific, and strongly operable theoretical and methodology system [18] . Some literature mainly regard EP as an environmental indicator, which simply taken an observed level of pollutant emission into consideration. For example, Picazo-Tadeo et al. [29] employed Data Envelopment Analysis techniques, directional distance functions and Luenberger productivity indicators and used the aggregate pollutant, including carbon dioxide, nitrous oxide and methane to measure EP in the emission of greenhouse gases in the European Union-28 over the period 1990-2011. Kortelainen [30] used various air pollutant emissions, including emissions of 12 different pollutants to construct an EP index by applying frontier efficiency techniques and a Malmquist index approach. However, it is well known that EP is a comprehensive indicator, which takes labor, capital, energy inputs into consideration, so it can be more accurate to evaluate the environment. Moreover, undesirable output is also a key factor to measure EP. In this sense, the directional slacks-based model takes labor, capital, energy inputs and undesirable output into consideration when measuring EP. Therefore, in this paper, we employ the directional slacks-based model to measure the EP more accurately.
We assume there are I decision-making units (DMUs) and each DMU i (i = 1, . . . , 40) transforms three inputs, x ni (n = 1, · · · , 3) into one desirable outputs: y mi (m = 1) and one undesirable outputs: b pi (p = 1). Oh [31] constructed the global production possibilities set P G (x), emphasizing the consistency and comparability of the production frontier. Therefore, we construct a global production possibility set P G (x), which can be expressed as:
where z t i denotes the weight of each cross-section, and z t i ≥ 0 indicates constant returns to scale. Then, drawing from the research of Fukuyama and Weber [32] and Liu and Xin [33] , we define the global directional slacks-based inefficiency considering undesired outputs as:
where (g x , g y , g b ) denotes the direction vectors for decreasing inputs, increasing desirable outputs and decreasing undesirable outputs, respectively. Additionally, (s x n , s y m , s b p ) denotes the slack vectors for redundant inputs, inadequate desirable outputs and redundant undesirable outputs, respectively. If the value is greater than 0, the actual inputs and undesirable outputs are greater than the boundary inputs and outputs, while the desirable outputs are less than the boundary outputs. The global directional slacks-based inefficiency refers to the overuse of inputs and the underproduction of outputs. Therefore, in this paper, we define EP as:
This study measures the EP of developed and developing countries. According to existing literature, we can know that labor, capital and energy consumption are the most frequently used input indicators, and gross domestic product (GDP) and carbon dioxide emission are the most frequently used desirable and undesirable outputs respectively in measuring environmental efficiency [15] . In this paper, we also employ input indicators (labor input, capital input and energy input), desirable output (real GDP) and undesirable output (carbon dioxide emission) to measure the EP. These inputs and outputs indicators are specified as follows.
The number of people engaged among 40 countries in millions is taken as labor input, and the data could be obtained from Penn World Table 9 .0, provided by the University of Groningen. Capital input is measured by capital stock. We employ the perpetual inventory method to estimate the capital stock, for which the basic equation is K it = I it + (1 − δ)K i(t−1) , in which K it is the actual capital stock in area i in the period t, I it is the gross fixed capital formation in area i in the period t. Compared with the fixed assets investment of the whole society, the gross fixed capital formation is slightly better than the former when measuring capital stock [26] . Therefore, this study uses the gross fixed capital formation to calculate capital stock. Additionally, δ is the depreciation rate. Different depreciation rates are adopted to calculate capital stock because of differences among countries at the economic level and in the development mode. Following Hall and Jones [34] , this study adopts 6% as depreciation rates. Year 1990 is the base period. K i0 = I i0 /(δ + g) is used to calculate the initial levels of capital stock K i0 , I i0 is the gross fixed capital formation in the base period, and g is the geometric average growth rate of the gross fixed capital formation from 1990 to 2014. Capital stock is calculated in millions of constant 2010 dollars. Total energy consumption shows the scale, composition and pace of increase of energy input [35] . Total energy consumption, GDP divided by GDP per unit of energy consumption, is used to measure energy input, where the unit is 1000 tons. Reference to previous studies, the real GDP in millions of constant 2010 dollars is the desirable output. The more carbon emissions and other pollutants emitted, the more detrimental to regional environmental quality and energy efficiency, and the more EP decreased [36] . Due to lack of data of other environmental pollutant indicators, carbon dioxide emission discharged during the production is chosen as the only undesirable output and the unit is millions of tons.
Based on the above data, this paper uses MaxDEA software to calculate the EP of 40 countries in 1990-2014. The EP of developed and developing countries are showed in Appendix A.
Explanatory and Control Variables
FDI, as an explanatory variable, is expressed by the ratio of net inflows of FDI to GDP. FDI may have two different effects on EP. On the one hand, FDI has a positive influence on EP. FDI can improve the technology level, management ability and environment construction in host countries by increasing capital accumulation and productivity. More FDI will bring more improvement of the host countries' technology level, technology innovations and increase of patent licenses, which is beneficial to reduce the local environmental pollution and improve their EP. On the other hand, FDI has a negative impact on EP. FDI may lead to deterioration in environmental quality by transferring pollution industries to host countries.
Moreover, to avoid an omitted variable bias, certain related control variables are included in our model. The control variable added to the model includes three variables: innovation capacity, industrial structure and energy structure. First, innovation capacity is not only an important driving force for productivity growth but also the key to improving EP. Technological innovation plays an important role in optimizing energy structure, promoting resources conservation and recycling, and reducing pollution. In this paper, the natural logarithm of patent applications per million people is used to calculate innovation capacity and the original data are obtained from the World Intellectual Property Organization statistics database. Second, Industrial structure is measured by the proportions of output value of the secondary industry in GDP, which can reflect the industrial distribution. Moreover, energy structure is selected as a measure capturing the production effects on environment [37, 38] . We adopt the share of renewable energy consumption in total final energy consumption to measure energy structure. The data of industrial structure and energy structure are collected from the EPS macro database. The measurement and sources of explanatory and control variables are shown in Table 1 . 
Descriptive Statistics
The descriptive statistics of variables are presented in Table 2 . Descriptive statistics are presented to describe the basic characteristics of data in this study concerning 40 countries in the period 1990-2014. For each variable, we present the mean, standard deviation (Std. Dev.), minimum (Min), 0.25, 0.5 and 0.75 quantiles and maximum (Max). As shown in Table 2 , there are significant divergences on the range of EP and FDI between developed and developing countries. First, we concentrate on EP. The EP of developed countries ranges from 35.171 to 100, whereas the EP of developing countries ranges from −131.24 to 100. Besides, we focus on FDI in different countries. The average FDI in developed countries is 3.84 with the minimum value −43.46 and the maximum 198.07. For the developing countries, this average is 2.37, ranging from −2.757 to 11.654. This is very closely related to our selection of the samples, which will explain the different impacts of FDI between developed and developing countries. Moreover, before we undertake to investigate the different impacts of FDI on EP between developed and developing countries, we conduct a T test, which ensures that there is statistically significant difference between two groups. Therefore, we can stratify the sample to further investigate the effect of FDI on EP. Furthermore, different quantiles can describe different distribution trends. Comparing different quantiles of the variables, we can find that the distributions of these variables are distinct. Therefore, the Ordinary Least Square (OLS) regression approach may bring about biased results, which is a proof to support us to employ the quantile regression approach to detect the effect of FDI on EP in this paper.
Empirical Results
This section discusses regression results on the relationship between FDI and EP. First, we analyze the results of the effect of FDI on EP for the full sample in Section 4.1. Then we further investigate the heterogeneity of the impact of FDI on EP between developed and developing countries in Section 4.2. In Section 4.3, we employ the panel quantile regression model to explore the effect of FDI on EP at different quantiles in developed countries. Table 3 presents the results of impact of FDI on EP for our full sample in the period 1990-2014. To facilitate comparisons, the results are initially estimated by fixed and random effects models. Columns 2 and 3 in Table 3 present the results of fixed and random effects regression, respectively. The rest of the Columns present the results of panel quantile regression. The results are respectively reported for the 10th, 25th, 50th, 75th, 90th quantiles of the conditional EP distribution in Columns 4-8. As seen in Table 3 , the results are inconclusive among different methods used. Our analysis provides evidence that FDI exerts insignificant impacts on EP, while control variables have influence on EP in the full sample. It is apparent from the results of fixed, random effects and panel quantile regression given in Table 3 that FDI has an insignificant impact on EP. This insignificant result may be closely related to the phenomenon: the impact of FDI on EP is heterogeneous among different samples or different quantiles. In other words, there may exist significant differences in the impact of FDI on EP between developed and developing countries or among different quantiles. In addition, the impacts of control variables on EP are diverse. First, innovation capacity affects EP differently. Second, industrial structure has a negative effect on EP, while energy structure has a positive impact on EP. As the quantiles of EP rise, the impact of energy structure on EP increases, because energy consumption is expected to use mostly renewable sources of energy.
Impact of FDI on EP
The Heterogeneity between Developed and Developing Countries
In this subsection, we further investigate the heterogeneity of the impact of FDI on EP between developed and developing countries, and the results are better documented in Table 4 . Columns 2 and 3 in Table 4 present the results of fixed and random effects models in developed countries, while Columns 4 and 5 report the results of developing countries.
In developed countries, FDI has a positive and significant impact on EP. The coefficient of FDI is positive and statistically significant (0.0557 and 0.0559, both at 1% significant level). The reasons may be that FDI will introduce cleaner technologies and more advanced environmental-management systems, which are beneficial to improve EP of host countries. Moreover, developed countries, whose productivity have reached a high level, tend to pay more attention to environment by making stricter environmental policies and entry standards of FDI. These strict environmental policies and entry standards of FDI will help them optimize their FDI activities and introduce cleaner FDI, improve their productivity and environmental quality simultaneously, thus enhance their EP. That is to say, FDI has a significantly positive impact on EP in developed countries. In developing countries, FDI has an insignificant effect on EP. The explanation of this phenomenon is that the relationship between FDI and EP in developing countries is ambiguous and uncertain. More specifically, under globalization circumstance, the relatively lax environmental standards in developing countries become an attractive comparative advantage to the pollution-intensive foreign capital. Pollution-intensive foreign capital seeks weaker environmental standards to avoid paying costly pollution control compliance expenditure domestically. Therefore, developing countries tend to use lenient environmental standards as a strategy to attract FDI from developed countries, which is usually accompanied by serious environmental pollution. That is, the inflow of FDI may deteriorate environmental quality and decrease the EP of developing countries. On the other hand, developing countries can change their mode of production, boost their productivity, improve their environmental quality, and enhance their EP by the entrance of FDI, which introduces more advanced technologies, managerial skills and better management practices. Therefore, FDI has an insignificant impact on EP in developing countries.
There exists heterogeneity of the impact of control variables on EP between developed and developing countries. In developed countries, all control variables including innovation capacity, energy structure and industrial structure in this model are statistically significant at the 1% level, while only industrial structure is statistically significant at the 1% level in the developing countries. Innovation capacity has a negative and significant influence on EP in developed countries, while it has an insignificant impact on EP in developing countries. Energy structure has a positive and significant impact on EP in developed countries, while it has an insignificant impact on EP in developing countries.
The Impact of FDI on EP in Different Quantile
In this subsection, we use the panel quantile regression model to analyze the impact of FDI on EP at different quantile in developed countries. (Panel quantile regression results of the impact of FDI on EP in developing countries have also been computed in Table 5 , but results are globally insignificant and not reported. Figure 1 presents the coefficients of FDI at different quantiles of EP in developing countries.) To be more precise about the impact of FDI on EP, we further investigate the influence of FDI on EP under different EP levels. The results in Table 6 provide detailed description throughout the conditional distribution, which are reported for the 10th-90th quantiles of the conditional distribution of EP. Additionally, the results can be divided into three separate groups, which are low quantiles (10th, 20th and 30th), middle quantiles (40th, 50th and 60th) and high quantiles (70th, 80th and 90th). The results show that there exists heterogeneity of the impact of FDI on EP at different quantiles in developed countries. Besides that, we present the coefficients and confidence intervals of FDI at different quantiles of EP in Figure 2 . The results indicate that the coefficients of FDI increase with increased quantiles in developed countries. Specifically, at the low quantiles, the impact of FDI on EP is insignificant in developed countries. The reason for the insignificant impact of FDI on EP may be that some low-EP developed countries introduce FDI, which has less effect on environmental quality and productivity. The result is somewhat consistent with the results of Kim and Baek [13] , who discovered that FDI has little effect on the environment in both developed and developing countries. Therefore, FDI has an insignificant impact on EP in low-EP developed countries.
At the middle quantiles, FDI has a positive and significant influence on EP in developed countries. The coefficients of FDI at 40th, 50th and 60th quantiles are 0.048, 0.056, and 0.063 respectively. The results indicate that the impact of FDI increases gradually in middle-EP developed countries. As the quantiles of EP rise, the positive impact of FDI on EP increases, which is consistent with our expectations. We can interpret these results as evidence that middle-EP developed countries, which have better absorptive capacity than low-EP developed countries, can better use cleaner managerial and more specialized technological skills to improve their environmental quality and productivity, thus improve their EP. Therefore, in middle-EP developed countries, an increase in FDI improves the environmental quality and productivity then improves their EP. Specifically, at the low quantiles, the impact of FDI on EP is insignificant in developed countries. The reason for the insignificant impact of FDI on EP may be that some low-EP developed countries introduce FDI, which has less effect on environmental quality and productivity. The result is somewhat consistent with the results of Kim and Baek [13] , who discovered that FDI has little effect on the environment in both developed and developing countries. Therefore, FDI has an insignificant impact on EP in low-EP developed countries.
At the middle quantiles, FDI has a positive and significant influence on EP in developed countries. The coefficients of FDI at 40th, 50th and 60th quantiles are 0.048, 0.056, and 0.063 respectively. The results indicate that the impact of FDI increases gradually in middle-EP developed countries. As the quantiles of EP rise, the positive impact of FDI on EP increases, which is consistent with our expectations. We can interpret these results as evidence that middle-EP developed countries, which have better absorptive capacity than low-EP developed countries, can better use cleaner managerial and more specialized technological skills to improve their environmental quality and productivity, thus improve their EP. Therefore, in middle-EP developed countries, an increase in FDI improves the environmental quality and productivity then improves their EP.
At the high quantiles, the effect of FDI on EP is positive and significant in developed countries. The coefficients of FDI at 70th, 80th and 90th quantiles are 0.070, 0.077 and 0.084 respectively, At the high quantiles, the effect of FDI on EP is positive and significant in developed countries. The coefficients of FDI at 70th, 80th and 90th quantiles are 0.070, 0.077 and 0.084 respectively, indicating that the positive effect increases with the rise of quantile of EP. Besides that, the impact of FDI at high quantile is more positive than the impact at middle quantiles. The reason for this phenomenon is that high-EP developed countries may have achieved a desired level of productivity at the development stage, and their modes of production and techniques are more advanced. At the same time, the absorptive capacity of high-EP developed countries is higher than middle-EP developed countries, which will help them improve their EP. Therefore, the impact of FDI on EP in high-EP developed countries is more positive than middle-EP developed countries.
Overall, there are significant differences in the impact of FDI on EP across different quantiles of EP in developed countries. The different values of coefficients at different quantiles indicated that the impact of FDI varies across the conditional EP distribution in developed countries. FDI initially plays an insignificant role in EP at the low quantiles. At the middle quantiles, it becomes significantly positive, while at the high quantile, it also plays a positive and significant impact on EP. These results indicate that as the quantiles of EP increases, the positive impact of FDI on EP increases, implying that higher-EP developed countries may have better absorptive capacity to improve their EP.
Conclusions
The main objective of this study is to investigate the impact of FDI on EP. To achieve this objective, we first use a directional slack-based model considering undesirable output to measure the EP of 40 countries in the period 1990-2014. The sample is divided into the developed and developing countries sub-samples to explore the impact of FDI on EP. Then, we adopt the panel quantile regression model to conduct an empirical test.
Based on the empirical results, several important conclusions are drawn as follows. First, the impact of FDI on EP is not significant for the full sample. Additionally, the results indicate that there exists heterogeneity regarding the impact of FDI on EP between developed and developing countries. On the one hand, FDI has a positive and significant impact on EP in developed countries. On the other hand, FDI has an insignificant influence on EP in developing countries. Furthermore, there is heterogeneity regarding the effect of FDI on EP at different quantiles of EP in developed countries.
Accordingly, the following policy implications can be pursued to improve EP of developed and developing countries. First, each country should set strict environmental standards to introduce FDI scientifically. Because the enforcement of stringent environmental laws can ensure environmental quality [39] . Host countries should attempt to assess the impact of FDI on EP before introducing foreign investors. Developing countries should try to set stricter environmental policies and entry standards of FDI to strengthen their productivity and improve their environmental quality, rather than introducing FDI at the cost of environment, and this will be beneficial to improve their EP. For developed countries, they can further optimize their FDI activities through their better absorptive capacity to improve their EP.
Second, panel quantile regression results provide the scientific basis for policymakers to target policies to a specific country with different levels of EP rather than to the entire group. Low-EP developed countries should set stricter environmental policies and entry standards of FDI to improve the quality of FDI and enhance their productivity, thus improving their EP. In middle-EP developed countries, their environmental policies and entry standards of FDI are more effective, so they can improve their absorptive capacity to further improve their productivity and EP. As for high-EP developed countries, they should optimize their FDI activity to improve their EP.
To conclude, the most important implication of our findings is that uniform entry policies of FDI are unlikely to succeed equally across 40 countries with different productivity levels. Therefore, the entry policies of FDI should be tailored differently across developing countries, low-EP, middle-EP and high-EP developed countries, thus can effectively absorb more FDI to improve their productivity and their EP at the same time. Table A2 . Environmental performance of developing countries.
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